Corresponding author(s):  Eric C Greene

nature portfolio

Last updated by author(s): Feb 23, 2022

Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

XX X XX

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.
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For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

oftware and code

Policy information about availability of computer code

Data collection  Single molecule data were collected using NIS-Elements Version 5.11 (Nikon). Immunofluorescence images were acquired on Olympus
fluoview FV 3000 using acquisition FV31S-SW software. Western blot and clonogenic survival assay images were acquired on Biorad chemidoc
imaging system using Image lab touch software version2.4.0.03. gPCR data were quantified on 7900 HT Fast Real-Time PCR system (Applied
Biosystems) using SDS2.4 software.

Data analysis Single molecule image analysis was performed using Open-source image processing software ImagelJ. Immunofluorescence imaging data was
analyzed using Analysis FV31s-DT software. Data analysis and graphs were plotted using GraphPad Prism version 8.4.3 (686).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The data that support the findings of this study are available from the corresponding authors upon reasonable request.
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redacted
Sticky Note
Please see the author guidance document for a list of figures and figure legends that require additional information.

redacted
Sticky Note
Please ensure the following software are mentioned in the manuscript as well, since they have been listed in the reporting summary: NIS-Elements, etc.

Please provide the version numbers of the following software in the reporting summary: ImageJ, etc.

If custom codes have been developed in the study, we strongly recommend that the custom codes be deposited in a public DOI-minting repository such as Zenodo or Code Ocean and cited in the reference list. Authors are encouraged to manage subsequent code versions and to use a license approved by the open source initiative. Full details about how the code can be accessed and any restrictions must be described in the Code Availability statement of the manuscript and here in the RS as well.

redacted
Sticky Note
Please consider making the data that supports the findings of this study, available in a publicly accessible repository, or explain to the editor why the data can only be made available from the authors on request. 

ericgreene
Sticky Note
We have corrected all of the information in the revised manuscript and figures.

ericgreene
Sticky Note
All of the raw data from the study are now provided as Source Data files. 


Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

[X Life sciences [ ] Behavioural & social sciences [ | Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Sample sizes were not preselected. All single molecule measurements reflect the cumulative results from tens to hundreds of individual
molecules, which is consistent with expectations within the field (all exact n values and associated statistical parameters are reported in the
manuscript). For cell survival assays, the data points represent the mean + standard error of the mean (SEM) from three independent
experiments. The data for the foci measurement assays —represent the mean + SEM, where N equals three independent experiments. For
each experiment, cells were scored as positive if they contained greater than five foci per cell and 2300 cells were analyzed for each different
condition. P values for cellular assays were calculated using one—way ANOVA test using the SEM.
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Data exclusions | Data were not excluded.
Replication All reported data represent a minimum of three experimental replicates to ensure reproducibility.
Randomization  Randomization was not part of the study design.

Blinding Blinding was not part of the study design. This research involved molecular analysis of specific protein mutants and the researchers needed to
make and characterize each known mutant independently.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies XI|[] chip-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms
Human research participants

Clinical data

XXNXXXOO s
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Dual use research of concern

Antibodies

Antibodies used (1) Anti—BLM, Santa Cruz Biotechnology, Cat. No.: SC-365753; (2) Anti—EXO1, Bethyl, Cat. No.: A302—639A; (3) Alpha—Tubulin—HRP,
Cell Signaling Technology, Cat. No.: CST 11H10; (4) Anti-RAD51, Abnova, Cat. No.: HO0005888—B01P; (5) Anti—-RPA32/RPA2 mouse
monoclonal antibody, Abcam, Cat. No.: ab2175; (6) Anti-53BP1, BD Transduction Laboratories, Cat. No.: 612522, (7) Anti-BLM,
Bethyl, Cat. No.: A300—-100A, (8) Anti-Flag (M2), Sigma, Cat. No.: F1804, (9) Anti-Actin, CST, Cat. No.: 12262S.

Validation All antibodies used are commercially available and validated by the manufacturer.

Eukaryotic cell lines

Policy information about cell lines

Cell line source(s) U20S cells were purchased from the American Type Culture Collection (ATCC). Reporter assay cell lines (DR-GFP or SA—GFP)
were obtained from Prof. Jeremy Stark (Department of Cancer Genetics and Epigenetics, City of Hope Comprehensive Cancer
Center).

Authentication U20S cells were acquired directly from the American Type Culture Collection (ATCC) and were not authenticated. The U20S

reporter cell lines were provided by Dr. Jeremy Stark (City of Hope), which were generated using U20S cells acquired directly
from the American Type Culture Collection (ATCC).



redacted
Sticky Note
Since no sample size calculation was done, please describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient.

redacted
Sticky Note
If allocation was not random, please describe how covariates were controlled OR if this is not relevant to your study, explain why.

redacted
Sticky Note
Please provide the clone name for Anti–RPA32/RPA2 mouse monoclonal antibody, used in the study. 

Please specify the dilution used for each antibody, in the methods section of the manuscript. E.g. anti-BLM, etc.

Please mention the following antibodies in the manuscript as well (along with dilutions), since they have been listed here in the reporting summary. For e.g. anti-BLM (Bethyl), etc.

Additionally, secondary antibodies were observed in the manuscript. Please list all the antibodies used in the study along with supplier name, catalog number, clone name and lot number (if known) in this reporting summary. Please ensure that the names of these antibodies are specified in th manuscript as well.

redacted
Sticky Note
Please describe the validation of all primary antibodies for the species and application, noting any validation statements on the manufacturer’s website. Please include this information directly in the reporting summary.

redacted
Sticky Note
Please describe the authentication procedures for DR-GFP and SA-GFP cell lines used OR declare which of the cell lines used were not authenticated.
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Sticky Note
Were indicated, p values are depicted to assure statistical significance of the resulting data. 

ericgreene
Sticky Note
No sample size calculations were required in this study. Experiments were designed in accordance with the literature and for cellular assays samples from three independent experiments were used for data collection. Where indicated p values are presented to assure statistical significance of the resulting data.

ericgreene
Sticky Note
Randomization is not necessary for any of the single molecule or biochemical assays. For cellular assays, cell populations were randomly selected for data collection without any bias. For Immunofluorescence assays, ~300 cells were randomly counted for foci from 3 independent experiments. For PCR based resection assays, DNA was extracted from the entire cell population. For reporter assays, ~ 10,000 cells were analyzed for GFP positivity for each of 3 independent experiments. 
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Sticky Note
The anti–RPA32/RPA2 name is: Clone number 9H8. 

ericgreene
Sticky Note
The dilutions are as specified here and are also indicated in the final revision: (1) Anti–BLM, Santa Cruz Biotechnology, Cat. No.: SC–365753; (WB-1:2000) (2) Anti–EXO1, Bethyl, Cat. No.: A302–639A (WB-1:1000) (3) Alpha–Tubulin–HRP, Cell Signaling Technology, Cat. No.: CST 11H10 (WB-1:5000) (4) Anti-RAD51, Abnova, Cat. No.: H00005888–B01P (IF- 1:400) (5) Anti–RPA32/RPA2 mouse monoclonal antibody, Abcam, Cat. No.: ab2175 (IF-1:500) (6) Anti-53BP1, BD Transduction Laboratories, Cat. No.: 612522 (IF- 1:800) (7) Anti-BLM, Bethyl, Cat. No.: A300–100A (WB-1:1000) (8) Anti-Flag (M2), Sigma, Cat. No.: F1804, (WB-1:1000) (9) Anti-Actin, CST, Cat. No.: 12262S (WB-1:3000); IF= Immunofluorescence WB= Western blot. 

ericgreene
Sticky Note
We have now mentioned all Abs in the revised manusciprt. 

ericgreene
Sticky Note
The secondary antibodies and dilutions are as follows: Invitrogen Alexa Fluor 594 Catalog # A-11005 (IF-1:500), Invitrogen anti-Mouse IgG HRP Catalog # A16078 (WB- 1:4000), Invitrogen anti-Rabbit IgG Fc Secondary Antibody, HRP Catalog # A16116 (WB- 1:4000); IF= Immunofluorescence WB= Western blot.  
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Sticky Note
DR-GFP and SA-GFP cell lines were not authenticated. 


ericgreene
Sticky Note
Validation: All antibodies used are commercially available and validated by the manufacturer with reference provided as follows for each antibody.  
 
Antibodies used: 
(1) Anti–BLM, Santa Cruz Biotechnology, Cat. No.: SC–365753; ( PMID: # 33503431 )
https://www.scbt.com/p/blm-antibody-b-4
 
 
(2) Anti–EXO1, Bethyl, Cat. No.: A302–639A;(PMID: 34228493)
https://www.thermofisher.com/antibody/product/Exonuclease-1-Antibody-Polyclonal/A302-639A
 
 
(3) Alpha–Tubulin–HRP, Cell Signaling Technology, Cat. No.: CST 11H10 (PMID: 34489457); 
https://www.cellsignal.com/products/antibody-conjugates/a-tubulin-11h10-rabbit-mab-hrp-conjugate/9099
 
 
(4) Anti-RAD51, Abnova, Cat. No.: H00005888–B01P;( PMID: 30839063 )
http://www.abnova.com/products/products_detail.asp?catalog_id=H00005888-B01P
 
 
(5) Anti–RPA32/RPA2 mouse monoclonal antibody, Abcam, Cat. No.: ab2175;( PMID: 33500419
https://www.abcam.com/rpa32rpa2-antibody-9h8-ab2175.html
 
 
(6) Anti-53BP1, BD Transduction Laboratories, Cat. No.: 612522(PMID: 11331310), 
https://www.bdbiosciences.com/en-nz/products/reagents/microscopy-imaging-reagents/immunofluorescence-reagents/purified-mouse-anti-human-53bp1.612522
 
 
(7) Anti-BLM, Bethyl, Cat. No.: A300–100A,( PMID: 33882298 ) https://www.thermofisher.com/antibody/product/BLM-Antibody-Polyclonal/A300-110A
 
 
(8) Anti-Flag (M2), Sigma, Cat. No.: F1804,( PMID25697406) https://www.sigmaaldrich.com/US/en/product/sigma/f1804
 
(9) Anti-Actin, CST, Cat. No.: 12262S (PMID: 34879284)
https://www.cellsignal.com/products/antibody-conjugates/b-actin-8h10d10-mouse-mab-hrp-conjugate/12262
 
(10) GFP Polyclonal Antibody Catalog # A-6455 (PMID: 30843452)
https://www.thermofisher.com/antibody/product/GFP-Antibody-Polyclonal/A-6455
 
 



Mycoplasma contamination All the cell lines were tested for mycoplasma contamination using MycoAlertTM Mycoplasma Detection Kit (Catalog #:
LT07-318) and we confirm that all cell lines tested negative for mycoplasma contamination.

Commonly misidentified lines  Not applicable.
(See ICLAC register)
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redacted
Sticky Note
If no commonly misidentified cell lines were used in the study, please state so.

ericgreene
Sticky Note
No commonly misidentified cell lines were used in the study. 




